I-Introduction
Since the discovery of LaCl3:Ce, LaBr3:Ce and LYSO scintillators, several groups have furthered understanding of their properties. In this work, we are going to study the response of where two different crystals must be connected to the same photomultiplier. The study consists of using MCNPX and GEANT4 computer codes based both on the Monte Carlo method. MCNPX (Monte Carlo N-Particle eXtended) , is a general purpose Monte Carlo radiation transport code for modelling the interaction of radiation with materials. MCNPX is fully three-dimensional and it utilizes the latest nuclear cross section libraries and uses physics models for particle types and energies where tabular data are not available. MCNPX is used for nuclear medicine, nuclear safeguards, accelerator applications, nuclear criticality and much more.
II-Monte Carlo method and MCNPX code
In the Monte Carlo process, the solution is obtained by calculating random particle histories.
In each history the random walk is based on the particle cross section libraries and geometrical information. Each particle ceases to exit or is, somehow, transferred outside the problem range. In order to achieve a statistically reasonable and accurate result, the number of particle history simulations that are considered has to be fairly large. This generally requires a powerful computer. An important consideration is to use the correct variance reduction technique in Monte Carlo simulations to shorten CPU time without decreasing the accuracy of the result.
The detector geometry is modelled with the MCNPX code, which allows simulating physical events occurring during the detection and registers them to build energy spectrum. The code is suitable for modelling the detector response by means of its pulse height tally F8. This tally which provides the energy distribution of pulses created in a detector by radiation. The net response is a spectrum of pulses with heights proportional to the frequency of events in distinct energy bins. The models simulated are Teflon reflected cylinders of 20mm of diameter. The thicknesses studied are respectively 50mm for Brillance350 and Prelude420 and 30mm for Brillance380.
III-Properties and geometrical characteristics of the scintillators
Study was also carried for a phoswich of Brillance350 and Brillance380 cylinders of 50mm and 30mm of thickness respectively. The individual B350 and B380 scintillators are coupled to a glass light guide of 20mm in diameter and 5mm thick. These scintillators are all surrounded by 0.5mm of Aluminium. Figures 1 to 4 show the MCNP geometry construction of the four models studied. According to the figures above, we remark a well agreement between the MCNPX and GEANT4 calculated peak to total values, especially for energy range lower than 5MeV. The small differences existing for high energies (>5MeV) can be attributed to the difference between the cross sections libraries used by the two codes.
V-Study of scintillators response in the case of photons
In this part, we represent the gamma study for Brillance respectively are 2.9%, 3.8%, 7.1%.
Figures 7 to 10, show the peak to total versus energy curves calculated by MCNPX code for the four detectors described above.
On figures 11 to 22, we represent the energy spectra calculated by MCNPX code for the same detectors. 
VI-Study of scintillators response in the case of protons
This study concerns the behaviour of LaBr3:Ce, LaCl3:Ce (individually and phoswich) and LYSO versus proton beam energy (up to 150MeV). In our Monte Carlo simulations, we have used the same scintillators described in third paragraph of this report, the study consists of calculating, by means of MCNPX code, the total proton energy deposited in each scintillator, also we have calculated the average track mean free path (mfp), and energy spectra in all the studied cases.
We have remarked that, the 0.5mm layer of Teflon existing at the entrance of the scintillators bans protons with lower than 20MeV to enter into the scintillators. Protons of energy ranging from 30 to 100MeV deposit 34% to 4% of their energy on the first layer of Teflon and the rest is deposited inside the crystals. For proton of energies higher than 100MeV, we remark that an important fraction of protons escapes from the individual scintillators. This fraction increases with the incident proton energy. Tables below, give more detailed results. 
VI-1 LaBr3:Ce response
The figures below show the energy spectra calculated by MCNPX code for Brillance 
VI-2 LaCl3:Ce response
The following figures show the energy spectra as calculated by MCNPX code for 
VI-3 LYSO response
The figures below give the energy spectra produced by MCNPX code for Prelude 
VII-Conclusion
This study is focused on the analysis of a set of crystals response in order to select the best scintillators and to optimize the geometry of a double crystal phoswich detector for high energy photons and protons (up to 20MeV for photons and up to 150MeV for protons). For Photons, we have calculated the behaviour of peak to total efficiency versus incident energy and the energy spectra. In the case of protons, the study was focused on calculating the total energy deposition in each crystal and the extraction of the energy deposition spectra. 
IX-References

